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GHSHQGHQF\VWUXFWXUHRIWKHSURFHVVFKDUDFWHULVWLFLVJLYHQE\PHDQVRIWKHFRSXODIXQFWLRQ)LQDOO\WKHLQKHUHQWUHOLDELOLW\SUHGLFWLRQPHWKRG
EDVHGRQVXSSRUWYHFWRUPDFKLQHLVSUHVHQWHGDQGWKHIHDVLELOLW\DQGSUDFWLFDELOLW\RIWKHPHWKRGZHUHLQGLFDWHGE\DQLQGXVWU\DSSOLFDWLRQ

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH6FLHQWLILF&RPPLWWHHRIWKH³WK,QWHUQDWLRQDO&RQIHUHQFHRQ'LJLWDO(QWHUSULVH7HFKQRORJ\'(7

.H\ZRUGV,QKHUHQWUHOLDELOLW\3UHGLFWLRQPRGHO&RSXOD²690'HSHQGHQF\VWUXFWXUH
,QWURGXFWLRQ
7KH SURGXFW LQKHUHQW UHOLDELOLW\ LV GHFLGHG E\ WKH GHVLJQ
DQG PDQXIDFWXULQJ SURFHVV (QJLQHHULQJ SUDFWLFHV VKRZ WKDW
WKH LQKHUHQW UHOLDELOLW\ RI SURGXFWV ZKLFK DUH IROORZLQJ WKH
VDPH GHVLJQ VWDQGDUG EXW PDQXIDFWXUHG E\ GLIIHUHQW
SURFHVVLQJPHWKRGVZLOOKDYHJUHDWGLIIHUHQFHV>@7KHUHIRUH
WKHPDQXIDFWXULQJSURFHVVHVKDYHJUHDWLPSDFWVRQWKHSURGXFW
LQKHUHQW UHOLDELOLW\ DQG WKH HVWDEOLVKPHQW RI WKH LQKHUHQW
UHOLDELOLW\ SUHGLFWLRQ PRGHO RI WKH SURGXFW LV FUXFLDO WR WKH
PDQXIDFWXULQJSURFHVVFRQWURODQGSURFHVVLPSURYHPHQW
0DQXIDFWXULQJ SURFHVVHV DUH QRQOLQHDU DQG WKHUH LV D
FRUUHODWLRQEHWZHHQWKHYDULDEOHVZKLFKPDNHVWKHWUDGLWLRQDO
OLQHDUFRUUHODWLRQDQDO\VLVDQGSUHGLFWLRQPHWKRGLVQRORQJHU
DSSOLFDEOH >@6XSSRUW9HFWRU0DFKLQH 690 LV DPDFKLQH
OHDUQLQJ DOJRULWKP ZKLFK KDV EHHQ XVHG LQ WKH ILHOG RI
UHOLDELOLW\HYDOXDWLRQDQGSUHGLFWLRQ:DQJ>@SURSRVHGDQHZ
PHWKRG WR VROYH WKH UHOLDELOLW\ SUHGLFWLRQ XVLQJ ZHLJKWHG
VXSSRUWYHFWRUPDFKLQHWRLPSURYHWKHVWDQGDUGVXSSRUWYHFWRU
PDFKLQHPRGHO
+RZHYHU SURFHVV V\VWHP LV D FRPSOH[ V\VWHP ZKLFK LV
LQIOXHQFHG E\ PDQ\ PDQXIDFWXULQJ IDFWRUV 7KH JHQHUDO
VXSSRUW YHFWRU PDFKLQH IRU PRGHOLQJ LV QRW UHODWHG WR WKH
EDFNJURXQG NQRZOHGJH GRPDLQ NQRZOHGJH DQG H[SHUW
H[SHULHQFH LQ PDQXIDFWXULQJ GDWD PLQLQJ ZKLFK VHYHUHO\
GHJUDGH WKH HIILFLHQF\ DQG TXDOLW\ RI GDWD PLQLQJ:LWK WKH
DVVLVWDQFHRI&OD\WRQ&RSXODIXQFWLRQWKHGHSHQGHQWVWUXFWXUH
EHWZHHQ WKH RXWSXW RI PDQXIDFWXULQJ SURFHVV DQG LQIOXHQFH
IDFWRU FDQ EH FKDUDFWHUL]HG DQG WKH GHSHQGHQW VWUXFWXUH RI
WKHVHYDULDEOHVFDQDOVREHXVHGDVDQLQSXWRIVXSSRUWYHFWRU
PDFKLQH E\ ZKLFK WKH UHDOL]DWLRQ RI WKH SURGXFW LQKHUHQW
UHOLDELOLW\FRXOGEHVWXGLHG
7KH LQIDQW IDLOXUH UDWH DV DQ HYDOXDWLRQ LQGH[ RI WKH
LQKHUHQWUHOLDELOLW\RIWKHSURFHVVLVJLYHQDQGWKHPHWKRGRI
SURFHVVLQJ WHFKQRORJ\ UHOLDELOLW\ HYDOXDWLRQ EDVHG RQ WKH
QRQOLQHDU FRUUHODWLRQ DQDO\VLV LV SUHVHQWHG )LUVWO\ WKH
SULQFLSOH RI WKH LQKHUHQW UHOLDELOLW\ GXULQJ PDQXIDFWXULQJ
SURFHVVZDVDQDO\]HG6HFRQGO\ WKHGHSHQGHQF\ VWUXFWXUHRI
WKH SURFHVV FKDUDFWHULVWLF LV JLYHQ E\ PHDQV RI WKH FRSXOD
IXQFWLRQ )LQDOO\ WKH LQKHUHQW UHOLDELOLW\ SUHGLFWLRQ PHWKRG
EDVHG RQ VXSSRUW YHFWRU PDFKLQH LV SUHVHQWHG DQG WKH
IHDVLELOLW\DQGSUDFWLFDELOLW\RI WKHPHWKRGZHUH LQGLFDWHGE\
DQDSSOLFDWLRQFDVH
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,QIRUPDWLRQ0RGHOLQJRI3URGXFWLRQ3URFHVV
7KHSURGXFWUHOLDELOLW\UHIHUVWRWKHSURGXFWSURSHUWLHVWKDW
DV\VWHPRUFRPSRQHQWWRSHUIRUPLWVUHTXLUHGIXQFWLRQVXQGHU
RSHUDWLRQDOFRQGLWLRQVIRUDVSHFLILHGSHULRGRIWLPH7KXVWKH
RSHUDWLRQDO SURSHUWLHV RI SURGXFW FDQ UHIOHFW WKH OHYHO RI WKH
SURGXFW UHOLDELOLW\ )RU H[DPSOH WKH SURSHUWLHV DQG
SHUIRUPDQFH ZHDU UHVLVWDQFH IDWLJXH VWUHQJWK DQG FRUURVLRQ
UHVLVWDQFHKDYHVWURQJUHODWLRQVKLSZLWKWKHSURGXFWUHOLDELOLW\
0HDQZKLOH WKH RSHUDWLRQDO SURSHUWLHV RI SURGXFW ZHUH
GHFLGHG E\ WKH RXWSXW SDUDPHWHUV RI PDQXIDFWXULQJ SURFHVV
VXFKDV WKHJHRPHWULFGLPHQVLRQV WKHVXUIDFHURXJKQHVVDQG
RWKHUTXDOLW\FKDUDFWHULVWLFV
7KHFXUUHQWVWXG\RQSURGXFWSURFHVVLQIRUPDWLRQPRGHOLV
IRFXVRQWKHLQWHJUDWLRQRIWKHSURGXFWLQIRUPDWLRQLQWHJUDWLRQ
RIWKHPDQXIDFWXULQJSURFHVVDQGVKDULQJPHFKDQLVPDPRQJ
GLIIHUHQW GHSDUWPHQWV 7KH RUJDQL]DWLRQ DQG PDQDJHPHQW
LVVXHV IRU WKH GDWD DQG LQIRUPDWLRQ IURP GLIIHUHQW VRXUFHV
KDYH QRW EHHQ UHVROYHG :LWK WKH GHYHORSPHQW RI SURGXFW
FRPSOH[LW\WKHPDQXIDFWXULQJGDWDLVUDSLGLQFUHDVLQJZKLFK
PDNHV WKH LQIRUPDWLRQ VWUXFWXUH FDQ QRW EH LGHQWLILHG
LQWXLWLYHO\ ,Q RUGHU WR FRQGXFW ORJLFDO RUJDQL]DWLRQ DQG
DQDO\VLV IRU DOO NLQGV RI PDQXIDFWXULQJ GDWD D KLHUDUFKLFDO
SURFHVVLQIRUPDWLRQVWUXFWXUHLVQHHGHGWRHVWDEOLVK
%\ DQDO\]LQJ WKH PDQXIDFWXULQJ SURFHVV RI WKH SURGXFWV
WKH SURGXFWLRQ SURFHVV LQIRUPDWLRQ ZDV FODVVLILHV DQG
RUJDQL]HGLQWRSURGXFWOD\HUSURFHVVOD\HUDQGIDFWRUOD\HUDV
VKRZQLQ)LJ
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)LJ'HSHQGHQW6WUXFWXUHEHWZHHQ0DQXIDFWXULQJ3URFHVV)DFWRUV

$PRQJ WKUHH OHYHOV WKH QRGHV RI WKH SURGXFW OD\HU ZHUH
FRQVWUXFWHGIURPSDUWVDQGWKHVWUXFWXUDOPRGHOLVPDGHXSE\
WKH IXQFWLRQ RI WKH SDUWV DV ZHOO DV WKH VHULHV DQG SDUDOOHO
UHODWLRQVKLS EHWZHHQ WKH SDUWV 7KH QRGH LQIRUPDWLRQ RI WKH
SURGXFW OD\HU LQFOXGHEDVLF LQIRUPDWLRQDERXWSDUWQDPHDQG
QXPEHU DQG DGGLWLRQDO LQIRUPDWLRQ DERXW SDUWV SURFHVVLQJ
UHTXLUHPHQWV 7KH QRGHV RI SURFHVV OD\HU ZHUH FRQVWUXFWHG
IURPSURFHVVVWHSVDQGWKHVWUXFWXUDOPRGHOLVPDGHXSE\WKH
VHULHVDQGSDUDOOHOUHODWLRQVKLSEHWZHHQWKHSURFHVVVWHSV7KH
QRGH LQIRUPDWLRQ RI SURFHVV OD\HU LQFOXGH EDVLF LQIRUPDWLRQ
DERXW VWHS QDPH DQG ODEHO DQG DGGLWLRQDO LQIRUPDWLRQ DERXW
SURFHVVFRQVWUDLQWVSURFHVVLQJFRQGLWLRQV7KHQRGHVRIIDFWRU
OD\HU DUH FRQVWUXFWHG IURP WKH LQIOXHQFLQJ IDFWRUV GXULQJ
PDQXIDFWXUH7KLVSDSHUZLOOWDNHLQWRDFFRXQWWKHHTXLSPHQW
DV WKH LQIOXHQFLQJ IDFWRUV WR EXLOG XS WKH PRGHO 7KH QRGH
LQIRUPDWLRQ RI IDFWRU OD\HU LQFOXGH EDVLF LQIRUPDWLRQ DERXW
GHYLFH QDPH DQG W\SH DQG DGGLWLRQDO LQIRUPDWLRQ DERXW WKH
RSHUDWLQJSDUDPHWHUVRIWKHHTXLSPHQW
$QDO\VLVRI3URFHVVLQJWHFKQRORJ\UHOLDELOLW\
6XSSRUW9HFWRU0DFKLQH
6XSSRUW 9HFWRU 0DFKLQH 690 LV D PDFKLQH OHDUQLQJ
PHWKRGEDVHGRQVWDWLVWLFDOOHDUQLQJWKHRU\DQGLVVXSHUYLVHG
OHDUQLQJ PRGHO ZLWK DVVRFLDWHG OHDUQLQJ DOJRULWKP WKDW
DQDO\]H GDWD XVHG IRU FODVVLILFDWLRQ DQG UHJUHVVLRQ DQDO\VLV
ZKLFK KDV WKH DELOLW\ WR GHDO ZLWK QRQOLQHDU UHJUHVVLRQ
SUREOHPVXVLQJNHUQHOIXQFWLRQLPSOLFLWO\PDSSLQJWKHLQSXWV
LQWR KLJKGLPHQVLRQDO IHDWXUH VSDFHV ,Q WKH VSHFLILF SURFHVV
V\VWHP HQYLURQPHQW WDNLQJ DGYDQWDJH RI WKH PDFKLQH
OHDUQLQJ DOJRULWKPV KDV JDLQHG D FHUWDLQ UHVXOWV RI WKH
DSSOLFDWLRQ LQ WKH ILHOG RI UHOLDELOLW\ HYDOXDWLRQ 690 ZDV
SURSRVHG E\ 9DSQLN HW DO >@ ,W XVHV WKH VWUXFWXUDO ULVN
PLQLPL]DWLRQ LQVWHDG RI WKH WUDGLWLRQDO HPSLULFDO ULVN
PLQLPL]DWLRQ7KHNHUQHO IXQFWLRQRIWKH0HUFHUFRQGLWLRQLV
XVHG WR WUDQVIRUP WKH LQSXW GDWD LQWR WKH KLJK GLPHQVLRQDO
+LOEHUW VSDFH DQG WKH UHODWLRQVKLSEHWZHHQ LQSXW DQGRXWSXW
LQWKLVVSDFHLVREWDLQHG>@
7KHIXQFWLRQILWWLQJSUREOHPRI690>@LVDVIROORZ
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 LV REWDLQHG E\ VROYLQJ
WKH IROORZLQJRSWLPL]DWLRQSUREOHP DQG WKHYHFWRU  DD 
LVFDOOHGDVXSSRUWYHFWRU
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& LV WKH SHQDOW\ IDFWRU ZKLFK H[SUHVVLQJ WKH GHJUHH RI
SXQLVKPHQWEH\RQG WKHHUURUHSVLORQVDPSOHV.[Lڄ [MLV WKH
NHUQHOIXQFWLRQ
(YDOXDWLRQSURFHGXUHEDVHGRQ&RSXOD²690
1RUPDOL]H WKH GDWD ; < WR > @ DQG FDOFXODWH WKH
FRUUHODWLRQFRHIILFLHQWRI.HQGDOOĲRI  DV


 W   

:KHUH1FDQG1G ZHUH H[SUHVVHG DV WKH KDUPRQLRXV DQG
QRW KDUPRQLRXV SDLUV¶ QXPEHU 7KH GHQVLW\ IXQFWLRQ RI WKH
&OD\WRQ&RSXODIXQFWLRQLV
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$QG fT LV WKH UHOHYDQW SDUDPHWHU WKH UDQN
FRUUHODWLRQ FRHIILFLHQW Ĳ RI WKH UHODWLRQVKLS EHWZHHQ ș DQG
YDULDEOHXDQGYDULDEOHYLV

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
7KH SDUDPHWHUș RI WKH&OD\WRQ&RSXOD FDQ EH HVWLPDWHG
DFFRUGLQJWRWKH.HQGDOOĲDQGWKHQWKHGHQVLW\IXQFWLRQFX
YRIWKH&OD\WRQ&RSXOD$QGWKHGHSHQGHQWVWUXFWXUHFDQEH
H[SUHVVHGE\WKHIROORZLQJIRUPXOD>@

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
(VWLPDWHGWKHYDOXHRIįFDQEHH[SUHVVHGDV

¦
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
7KHX LV HTXDO WR )[ DQG Y LV HTXDO WR )\ XQGHU WKH
IUDPHZRUN RI &OD\WRQ FRSXOD DQG WKH HVWLPDWLRQPHWKRG RI
)\LVWKHVDPHDV)[7KXVWKHįFDQEHH[SUHVVHGDV

 |G   

6WHS  WDNH WKH LQIDQW IDLOXUH UDWH Ȝ DV WKH SURFHGXUH RI
SURFHVVLQJ WHFKQRORJ\ UHOLDELOLW\ HYDOXDWLRQ DQG WKH SURFHVV
FKDUDFWHULVWLFVZHUHGHWHUPLQHGDQGH[SUHVVHGDV[[«[Q
WKURXJK WKH SURFHVV PHFKDQLVP DQDO\VLV DQG )DLOXUH 0RGH
DQG (IIHFW $QDO\VLV )0($ DQDO\VLV &ROOHFWLQJ DQG
FROODWLQJ WKH VDPSOHV RI HYHU\ NH\ SURFHVV IHDWXUH IRU
H[DPSOHWKHVDPSOHVRIWKHILUVWNH\IHDWXUHDUHH[SUHVVHGDV
[L L  ]7KHGDWDRI WKHNH\SURFHVVFKDUDFWHULVWLFV
XQGHUTWLPHVZHUHFROOHFWHGDQGVRUWHGDQGįLL  S
EHWZHHQSURFHVVFKDUDFWHULVWLF[LDQGSURFHVVFKDUDFWHULVWLF[L
FDQEHREWDLQHG DFFRUGLQJ WR WKH IRUPXOD aZKLFKZHUH
VKRZQLQWDEOH
7DEOH'DWDRILQKHUHQWUHOLDELOLW\HVWLPDWLRQ
3URFHVVFKDUDFWHULVWLFV 'HSHQGHQWVWUXFWXUH (DUO\IDLOXUHUDWH
  
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 G G   G O O  O

6WHS:LWKXVLQJGDWDPLQLQJVRIWZDUH&OHPHQWLQH WDNH
WKH GDWD RI WKH NH\ SURFHVV FKDUDFWHULVWLFV DQG WKH
FRUUHVSRQGLQJS GHSHQGHQW VWUXFWXUHV DV WKH ILQDO LQSXW DQG
WKHLQIDQW IDLOXUHUDWHGDWDXQGHU WL L  TDVWKHILQDO
RXWSXW 7KH LQKHUHQW UHOLDELOLW\ SUHGLFWLRQ PRGHO FDQ EH
HVWDEOLVKHG
6WHS  7KH LQIDQW IDLOXUH UDWH GDWD XQGHU WKH QHZ
WHFKQRORJ\ FDQ EH REWDLQHG WKURXJK SXWWLQJ WKH GDWD RI LWV
SURFHVV FKDUDFWHULVWLFV LQWR WUDLQLQJ JRRG SUHGLFWLRQ PRGHO
$QGWKHRSWLPDOSURFHVVFDQEHVHOHFWHG
$SSOLFDWLRQ
7KH FRDWLQJ SURFHVV LV D KHDW WUHDWPHQW ZKLFK FRXOG
LQFUHDVH WKH UHOLDELOLW\ RI WKH EHDULQJ $QG WKH SURFHVV
FKDUDFWHULVWLFVZHUHGHWHUPLQHGDQGH[SUHVVHGDV;&RDWLQJ
WLPH ; VXEVWUDWH ELDV ; VXEVWUDWH WHPSHUDWXUH ;
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6WHS  įL L     EHWZHHQ SURFHVV FKDUDFWHULVWLF
FRDWLQJ WLPH DQGSURFHVV FKDUDFWHULVWLF VXEVWUDWH WHPSHUDWXUH
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FDQ EH REWDLQHG DFFRUGLQJ WR WKH IRUPXOD  ZKLFK ZHUH
VKRZQLQWDEOH
6WHSWDNHWKHGDWDRIWKHNH\SURFHVVFKDUDFWHULVWLFVDQG
WKH GHSHQGHQW VWUXFWXUHV DV WKH ILQDO LQSXW DQG WKH LQIDQW
IDLOXUH UDWH GDWD ZKLFK ZHUH VKRZQ DV WKH ILQDO RXWSXW 7KH
LQKHUHQWUHOLDELOLW\SUHGLFWLRQPRGHOZDVHVWDEOLVKHG
6WHSWKHGHSHQGHQFHVWUXFWXUHRIWKHFRDWLQJWLPHDQGWKH
VXEVWUDWH WHPSHUDWXUH RI WKUHH GLIIHUHQW SURFHVVLQJ
WHFKQRORJLHVZHUH  DQG WKH LQIDQW IDLOXUH
UDWHGDWDDUHFDOFXODWHGLQFRPELQDWLRQZLWKWKHGDWDLQ7DEOH
 ZKLFK LV VKRZQ LQ )LJ  7KH LQIDQW IDLOXUH UDWH XQGHU
SURFHVVLQJ WHFKQRORJ\ 3 IDOOV TXLFNO\ LQ D UHODWLYHO\ VKRUW
WLPH WKDQ SURFHVV XQGHU SURFHVVLQJ WHFKQRORJ\ 3 DQG
SURFHVVLQJ WHFKQRORJ\ 3 WKXV 3 ZDV GHWHUPLQHG DV WKH
RSWLPDOSURFHVVLQJWHFKQRORJ\
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QRYHOPHWKRGIRULQKHUHQWUHOLDELOLW\SUHGLFWLRQDQGHYDOXDWLRQ
RIWKHSURGXFWIRUPDQXIDFWXULQJSURFHVVFRQWURODQGSURFHVV
LPSURYHPHQW 7KH PHWKRG ZDV DSSOLHG LQ DQ LQGXVWU\
DSSOLFDWLRQ WRDQDO\VHQRQOLQHDUFRUUHODWLRQRIPDQXIDFWUXLQJ
SURFHVVIDFWRUVZKHUHWKHRSWLPDOSURFHVVLQJWHFKQRORJ\ZDV
VHOHFHWHG DFFRUGLQJ WR WKH YDULDWLRQ FXUYHV RI LQIDQW IDLOXUH
UDWHRISURGXFWXQGHUGLIIHUHQWSURFHVVLQJWHFKQRORJLHV
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